We also show that cold rolling after solution treatment is effective in increasing the strength and electrical conductivity of the alloys. We discuss the precipitation mechanism in the cold-rolled alloys on the basis of the experimental results.
INTRODUCTION
Copper base alloys are used as electrical This article presents a review on the effects of aging treatment on the electrical conductivity and the mechanical properties, and on the precipitation phenomena in high-purity Cu-Ti and Cu-Ni-Si alloys.
The properties of Cu-Ti binary alloys and Cu-Ni-Si alloys, which were aged at 720 Κ after quenching, were measured at room temperature. To characterize the precipitation process in these aged alloys, the small-angle X-ray scattering (SAXS) method and X-ray absorption fine structure (XAFS) analysis were used.
On the basis of these experimental results, the relationship between the properties and the precipitation is discussed, because the control of precipitates is Vol. 29, Nos. [5] [6] 2010 
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known to be an important factor to be considered while designing the alloy processes.
CHANGES IN PROPERTIES BY AGING TREATMENT
Cu-Ti and Cu-Ni-Si alloys were prepared from high-purity materials by the hydrogen plasma arc melting method. Then, they were shaped into samples This may be a characteristic of aging properties of the present alloys; the super-saturated amount of solutes generally affects the density of precipitates. It is also
shown that the electrical conductivity of the aged alloys is denoted with IACS% (international annealed cupper standard), which is given by the ratio of the electrical resistivity of pure copper to that of an aged alloy. Re-estimation of the SAXS results by using the variation of the electrical resistivity can lead to the number density of the precipitates. Figure 4 shows SAXS profiles of Cu-1.3Ti, Cu-2.6Ti, and Cu-4.5Ti /16/, which are described in Sec.
2, aged at 720 K, as a function of a magnitude of the scattering vector,
where <9 is the scattering angle and λ is the wavelength of the X-rays.
In the SAXS profile of Cu-1.3Ti, a clear hump was To further advance this discussion, the calculated SAXS profiles were fitted to experimental ones, as shown in Figure 7 , and DDFs were estimated. 
Application of XAFS analysis to evaluation of precipitation
3.2.1. Characterization of local structures of solute elements in Cu-Ni-Si alloys using extended X-ray absorption fine structure analysis
As described in Sec. 3.1.2, trace iron in Cu-Ni-Si alloys has a desirable effect on precipitation growth. To understand the role of iron in the alloys, its atomic-level behavior during the aging process must be elucidated.
An analytical technique for this is extended X-ray absorption fine structure (EXAFS) analysis, which can determine the local structure of solute elements in alloys. This structural study is ongoing.
3.2.2.
Estimation of reaction rate of precipitation using X-ray absorption near edge structure spectra X-ray absorption near edge structure (XANES) spectra are normally used for characterizing chemical Energy / eV nickel-silicide fraction of total nickel, a, in these alloys can be estimated by fitting a XANES spectrum of an aged sample, / aged , with XANES spectra of non-aged, /non-aged, and fully silicided,^iii C j df: , samples:
In this study, however, the full formation of silicide was not achieved in any aged samples. Thus, the The hardness and electrical conductivity of aged copper alloys could be improved by cold-rolling treatment after solution treatment. Moreover, the addition of a small amount of iron in Cu-Ni-Si alloys was effective in improving these physical properties.
The improvement in the physical properties was associated with nanometer-scale behaviors of solute elements during the aging process, as determined by using SAXS method. We verified that cold-rolling treatment can introduce dislocations in the copper matrix, which contributes to preferential precipitation.
The trace iron in Cu-Ni-Si alloys could suppress to develop the coarsening of precipitates. We also showed that the XAFS analysis was suitable for evaluating the quantity of the formed silicide formation as well as the local structures of solute elements in copper alloys.
The analytical methods presented in this article can
give us advanced insight into the precipitation behaviors of precipitate-hardenable alloys, and their application to other alloys such as aluminum-or iron-base alloy systems can be expected.
